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Leveled Commitment Contracting System 
Field of the Invention 

This invention relates to the field of contracting protocols and, more 
particularly, to contracting protocol^ fcr^tom ated nego ti ations t hat can be 
5 implemented in connection with computer networks. 

Background 

The importance of automated negotiation systems is likely to increase as a 
result of three developments. One is the growth of standardized communications 
infrastructure— EDI, Nil, KQML, Telescript etc.— over which separately designed 

10 agents belonging to different organizations can interact in an open environment and 
safely cany out transactions. The second is the advent of small transaction commerce 
on the Internet for purchasing goods, information, and communication bandwidth. 
The third is an industrial trend toward virtual enterprises: dynamic alliances of small 
enterprises which together can take advantage of economies of scale. 

15 In such multiagent systems consisting of self-interested agents, contracts have 

traditionally been binding. After an agent agrees to a contract, it has to follow through 
with it no matter how future events unravel. Although a contract may be profitable to 
an agent when viewed ex ante, it need not be profitable when viewed after some 
future events have occurred, i.e. ex post. Similarly, a contract may have too low 

20 expected payoff ex ante, but in some realizations of the future events, the same 

contract may be desirable when viewed ex post. Normal full commitment contracts 
are unable to efficiently take advantage of the possibilities that such-probabilistically 
known— future events provide. 

On the other hand, many multiagent systems consisting of cooperative agents 

25 incorporate some form of decommitment possibility in order to allow the agents to 
accommodate new events. For example, in the original Contract Net Protocol, the 
agent that had contracted out a task could send a termination message to cancel the 
contract even when the contractee had already partially fulfilled the contract This 
was possible because the agents were not self-interested: the contractee did not mind 

30 losing part of its effort without a monetary compensation. Similarly, the role of 
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decommitment among cooperative agents has been studied in meeting scheduling and 
in cooperative coordination. 

Game theory has suggested utilizing the potential provided by probabilistically 
known future events via contingency contracts among self-interested agents. The 
5 contract obligations are made contingent on future events. There are games in which 
this method increases the expected payoff to both parties cf the contract compared to 
any full commitment contract. Also, some deals are enabled by contingency contracts 
in the sense that there is no full commitment contract that both agents prefer over their 
fall-back positions, but there is a contingency contract that each agent prefers over its 
10 fell-back. 

There are at least three problems regarding the use of contingency contracts in 
automated negotiation among self-interested agents. First, it is often impossible to 
enumerate all possible relevant future events in advance. Second, contingency 
contracts get cumbersome as the number of relevant events to monitor increases. In 

IS the limit, all domain events (e.g. new tasks arriving or resources breaking down) and 
all negotiation events (other contracts) can affect the value of the obligations of the 
original contract, and should therefore be conditioned on. Furthermore, these future 
events may not only affect the value of the original contract independently: the value 
may depend combinations of the future events. The third problem is that of verifying 

20 the unraveling of the events. Sometimes an event is only observable by one of the 

agents. This agent may have an incentive to lie to the other party of the contract about 
the event in case the event is associated with an unadvantageous contingency to the 
directly observing agent Thus, to be viable, contingency contracts would require an 
event verification mechanism that is not manipulable and not prohibitively 

25 complicated. 

Accordingly, there is a need for an improved contracting Systran that may be 
implemented in connection with automated negotiations, such as automated 
negotiations over a computer network. 
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Summary of the Invention 

The present invention involves a leveled commitment contracting system. In 
preferred embodiments of such a system, a contractor can decommit upon payment of 
a decommitment penalty. 
5 Brief Description of the Drawings 

One or more embodiments of the present invention are described in connection 
with the following drawings, in which: 

FIG. 1 illustrates a "sequential decommitting" ("SEQD") game; the game tree 
of the figure representing two alternative protocols (i.e., two different games). 
10 FIG. 2 illustrates decommitment penalties "a" and "b" that satisfy both agents* 

IR in an example SEQD game. 

FIG. 3 illustrates a "simultaneous decommit - both pay if both decommit 
game" ("SIMUDBP") game. 

FIG. 4 illustrates Nash equilibrium decommitment thresholds for an example 
15 of an SIMUDBP game for different values of decommitment penalties a and b. 

FIG. 5 illustrates three different regions of contracts that are IR for both agents 
and allow and equilibrium in the SIMUDBP decommiting game. 

FIG. 6 illustrates Nash equilibrium decommitment penalties for an example of 
an SIMUDBP game for different values of decommitment penalties a and b. 
20 Detailed Description of Preferred Embodiments) 

An embodiment of a leveled commitment contracting protocol that allows 
self-interested agents to efficiently accommodate future events by having the 
possibility of unilaterally decommitting from a contract based on local reasoning is 
described below. A decommitment penalty is assigned to both agents in a contract* to 
25 be freed from the contract, an agent only pays this penalty to the other party. It is 
shown through formal analysis of several contracting settings that this leveled 
commitment feature in a contracting protocol increases Pareto efficiency of deals and 
can make contracts individually rational when no full commitment contract can. This 
advantage holds even if the agents decommit manipulatively. 
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1. Embodiments of Leveled Commitment Contracting System 

In preferred embodiments, instead of conditioning the contract on future 
events, a mechanism is built into the contract that allows unilateral decommitting at 
any point in time. This is achieved by specifying in the contract decommitment 

5 penalties, one for each agent If an agent wants to decommit— i.e. to be freed from the 
obligations of the contract—it can do so simply by paying the decommitment penalty 
to the other party. We will call such contracts leveled commitment contracts because 
the decommitment penalties can be used to choose a level of commitment The 
method requires no explicit conditioning on future events: each agent can do its own 

10 conditioning dynamically. Therefore no event verification mechanism is quired 
either. This paper presents formal justifications for adding this decommitment feature 
into a contracting protocol. 

Principles for assessing decommitment penalties have been studied in law, but 
the purpose has been to assess a penalty on the agent that has breached the contract 

15 after the breach has occurred. Similarly, penalty clauses for partial failure-such as 
not meeting a deadline— are commonly used in contracts, but the purpose is usually to 
motivate the agents to follow the contract 

Key microeconomic concepts are now introduced. Social welfare is the sum 
of the payoffs of the agents under consideration. It does not address distribution. 

20 Pareto efficiency measures both societal good and distribution. A vector of payoffs to 
the agents Pareto dominates another vector if each agenfs payoff in the first vector is 
no less than in the second, and there exists an agent whose payoff in the first vector is 
greater than in the second. Social welfare and Pareto efficiency can be measured 
either ex ante as expected values or ex post as realizations. Strategies (mappings from 

25 observed history of the game to actions) S a of the contractor and S b of the contractee 
are in Nash equilibrium if S a is a best— expected payoff maximizing— response to S a 
and Sb is a best response. Finally, a strategy is a dominant strategy if it is a best 
response to any strategy of the other agent 

To understand the described embodiments, it is useful to analyze contracting 

30 situations from the perspective of two agents: the contractor who pays to get a task 
done, and the contractee who gets paid for handling the task Handling a task can 
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mean taking on any types of constraints. The method is not specific to classical task 
allocation. The contractor tries to minimize the contract price p that it has to pay. 
The contractee tries to maximize the payoff p that it receives from the contractor. 
Outside offers from third parties will be explicitly discussed. The contracting setting 
5 consists of two games. First, the contracting game involves the agents choosing a 
contract— or no contract, i.e. the null deal—before any future events have unraveled. 
Secondly, the decommitting game involves the agents deciding on whether to 
decommit or to carry out the obligations of the contract— after the future events have 
unraveled. The decommitment game is a subgame of the contracting game: the 
10 expected outcomes of the decommitting game affect the agents' preferences over 

contracts in the contracting game. The decommitting game will be analyzed using the 
Nash equilibrium and the dominant strategy concepts. The contracting game will be 
analyzed with respect to individual rationalityQR): is the contract better for an agent 
than the null deal? 

15 The embodiments described herein are described in connection with FIGs. 1-6, 

which are described herein. 

FIG. 1 shows a "sequential decommitting" ("SEQD") game. FIG. 1 
encompasses Contracting Game 20 and Decommitting Game 40. The Game Tree 10 
represents two alternative protocols: i.e., two different games. 

20 In the first, both agents have to pay decommitment penalties to each other if 

both decommit In the second, neither agent has to pay if both decommit Hie 
payofls in the latter protocol are in parentheses when they differ from the former. The 
dotted lines represent information sets: the contractor does not know the contractee's 
outside offer and vice versa. The contractor's payofls are usually negative because it 

25 has to pay for having the task handled. 

FIG. 2 shows three graphs: left graph 1 10, middle graph 120, and right graph 
130. FIG. 2 shows decommitment penalties a and b that satisfy both agents' IR 
constraints in the example SEQD game described herein. FIG. 2 shows, in graph 1 10, 
contractee's IR constraints 1 12, and contractor's IR constraints 1 14. It also illustrates, 

30 at 1 16, where IR costraints are satisfied, either agent might decommit 
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Graph 120 shows contractor's IR constraints 122 and contractus IR 
constraints 124, and the region 126 where IR constraints are satisfied, and contractee 
surely will not decommit 

Graph 130 shows contractor's IR constraints 132 and contractee's IR 
5 constraints 134, and the region 136 where IR constraints are satisfied, and contractor 
surely will not decommit 

FIG. 3 shows the "{Simultaneous Decommit - Both Pay if Both Decommit" 
("SIMUDBP") game. FIG. 3 shows contracting game 202 and decommitting game 
204. The dashed lines represent the agents' information sets. When decommitting, 
1 0 the contractor does not know the contractee' s outside offer and vice versa. 

Furthermore, the contractor has to decide on decommitting before it has observed the 
contractee' s decommitting decision, and vice versa. 

FIG. 4 illustrates Nash equilibrium decommitment thresholds of the example 
SIMUDBP game described herein for different values of decommitment penalties a 
15 and b. The Graphs in FIG. 4 (Graphs 302, 304 and 306) show, respectively, Nash 
equilibrium curves 308, 310 and 312, and the curves for truthful decommitting 3 14, 
316and318. 

FIG. 5 shows three different regions of contracts that are IR for both agents 
and allow an equilibrium of the SIMUDBP decommiting game. In the dark gray area 
20 402, either agent might decommit; but in the light gray areas 404 and 406, only one of 
the agent's might 

FIG. 6 shows graphs 502, 504 and 506, comprising, respectively, Nash 
equilibrium curves 508, 510 and 512, and curves for truthful decommiting 514, 516 
and 518. 

25 FIGs. 1-6 are further discussed and referenced in connection with the detailed 

examples described herein. 
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Contract price. 


a>0 


Contractor's decommitment penalty. 


b>0 


Contractor's decommitment penalty. 


a 


Price of contractor's best (full commitment) outside offer. 


b 


Price of contractee's best (full commitment) outside offer. 


m 


Ex ante probability density function of a. 


gib) 


Be ante probability density function of b . 


pb 


Probability that the contractee decommits. 



Table 1 : Symbols used in the paper. We restrict out analysis to contracts where a>0 
and b>0, Le. we ride out contracts that specijy that the decommitting agent receives 

5 a payment from the victim of the decommitment 
2. Sequential decommitting (SEQD) 

In our sequential decommitting (SEQD) game, one agent has to declare 
decommitment before the other. We study the case where the contractee has to 
decommit first The case where the contractor has to go first is analogous. Figure 1 

10 presents the game tree. There are two alternative types of leveled commitment 
contracts that differ on what happens if both agents decommit In the first, both 
agents have to pay the decommitment penalties to each other. In the second, neither 
agent has to pay. 

We now analyze the decommitting game using dominance in subgames as the 
15 solution concept Reasoning about the agents' actions starts at the leaves of the tree 
and proceeds backwards to the beginning of the game In the subgame where the 
contractee has decommitted, the contractor's best move is not to decommit because 

< -a+6 (because a > 0). This also holds for a contract where neither agent 
has to pay a decommitment penalty if both decommit — because -a <_-a + b. In 
20 the subgame where the contractee has not decommitted, the contractor's best move is 
to decommit if —a— a > —p. 
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This happens with probability £f{fl)da. Put together, the contractee gets 

b-b if it decommits, b +a if it does not but the contractor does, and p if neither 
decommits. Thus the contractee decommits if 

b-b > f@)da[b+a]+ f(B)dS[p] 

5 if j^f(a)da = 0, this is equivalent to -6 > a which is false because a and b are 

nonnegative. In other words, if the contractee surely decommits, the contractor does 
not On the other hand, the above is equivalent to 

b > p+ ^ def b *(p,a,b) (1) 

f f{a)da 

when f °° f(S)da >0. Now the contractee's IR constraint states that the expected 
1 o payoff from the contract is no less than the expected payoff from the outside offer: 
f g{b)[b-byb+ J*"* g{b)[ J^/(a)[6+a]d5+ \°°^f{a)pda]fi 

> E[b] = g{b)bS (2) 

Similarly, the contractor's IR constraint states that the expected payoff from the 
contract is no less than that from the outside offer 

15 nu> n /Mr******* 

f iW> 9{b)l P /(o)[-5-a]dS+ f f(3)[- P mdb 

J -oo * -co * p-a 

> E[-a] = f°° f{S){SW 0) 
Because the contractor can want to decommit only if -a -a > -p, its 
decommitment penalty can be chosen so high that it will surely not decommit 
20 (assuming that a is bounded from below). In this case the contractee will decommit 
whenever p < b-b. If ft is bounded from above, the contractee's decommitment 
penalty can be chosen so high that it will surely not decommit Thus, full 
commitment contracts are a subset of leveled commitment ones. This reasoning holds 
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for contracts where both agents have to pay the penalties if both decommit and for 
contracts where neither agent has to pay a penalty if both decommit. Because full 
commitment contracts are a subset of leveled commitment contracts, the former can 
be no better in the sense of Pareto efficiency or social welfare than the latter. It 
5 follows that if there exists an IR full commitment contract, then there also exist IR 
leveled commitment contracts. However, leveled commitment contracts can enable 
deals that are impossible via full commitment contracts: 

Theorem 2.1 Enabling in a SEQD game. There are SEQD games (defined 

by fifl) andg(b)) where no full commitment contract satisfies the IR constraints but 
1 o a leveled commitment contract does. 



Proof. Let /(o) = 



_L if 0 £ a Z 100 

^ . andg(6) = 
0 otherwise 



— if OS 6*110 
q otherwise. 



commitment contract F cannot satisfy both IR constraints because that would require 
E[b] ±pF < E[a] which is impossible because 55 = E[b] > E[a] = 50. Choose a 
leveled commitment contract where p = 52.5, a = 30, and b = 20. By substituting 

15 these in Equations 1, 2, and 3, it turns out that both agents' IR constraints are strictly 
satisfied. The substitutions are straightforward but tedious [14]. 

lii the game of the above proof; both IR constraints are satisfied by a wide 
range of leveled commitment contracts — and for no full commitment contract Which 
leveled commitment contracts defined by p 9 a 9 and b satisfy the constraints? There 

20 are many values of p for which some a and b exist such that the constraints are 

satisfied. We analyze contracts where p = 52.5 as an example. Now which values of 
a and b satisfy both IR constraints? There are three qualitatively different cases. 

Case 1. Either agent might decommit In the case where a<p there is 
some chance that the contractor will decommit (it may happen that -3 > -p + a). 

25 Now 

b * = />+ r = P + -HE * If b &> a & < 1 10 (i e - 

C f(S)dS W 10(M ^ )] 

less than Tnaviimim possible b) , there is some chance that the contractee will 
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decommit. This occurs if b > p+b. We programmed a model of the IR constraints 
(Equations 3 and 2) for this case. To make the algebra tractable (constant /(5) and 
g(b)) , versions of these IR constraint equations were used that assumed 0 < a < p, 
and 0 < b * < 1 10, without loss of generality. The corresponding decommitment 
5 penalties a and b that satisfy the IR constraints are plotted in Figure 2 left 

Furthermore, the boundaries of the programmed model need to be checked. The 
boundaries a = 0, a = p, and £* = 1 10 are plotted in Figure 2 left The constraint 

b * > 0 is always satisfied in this case and is not plotted. 

Case 2, Contractor will surely not decommit When a > />, the contractor 
10 will surely not decommit because its best possible outside offer is a = 0. Note that a 

b+\^Aa)da[a] _ 

can be arbitrarily high. The corresponding b *(p y a y b) = p + 

J fifl)& 

Jp-a 

p +b, i.e. the contractee decommits truthfully. The contractor's IR constraint (Eq. 3) 
becomes 

f"° 9$) f /(3)[-5 + 6]d2*+ \ 9{b) \ f(5)[-pV5db>: E[-a] (4) 
Jp+* Jo Jo Jo 

15 If p + b > 110, this is equivalentto -p > E[-a] which is false. If 0 < p + b < 110, 
this is equivalent to 

1 1 [(\\0-{p+b)).f^^- + \00b) + (p+b) .(-\00p)]>E[-a] 



110100 2 
1 1 



[(573-6) . (-5000 + 1006) + (525 + 6) . (-5250)] > -50 



110100 

*>25£b£525 

20 by the quadratic equation solution formula. t - , ■ 

Similarly the contractee' s IR constraint (Eq. 2) becomes 

C C m[B - b¥SdS+ IT giB) Jo" ™ (5) 

If p +b> 110, this is equivalent to p > E[b] which is false. If0< p +b 
< 110, this is equivalentto 
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f n ° g{b)lb-b}\™ f{a)da&+ [** g(b)[p] \™ f(a)dadb > E[b] 

« JL J_ [( il^-ii 0& -(^±^-(p + 6)6)) . 100+(p + 6)/> . 100]>55 
110100 2 2 

oi< approximately 34.05 or b > approximately 80.95 
by the quadratic equation solution formula. The latter violates p + b < 1 10. 
5 Put together, in the open region 2.5 < b < 34.05, a > p (Fig. 2 right) this type 

of contracts are IR for both agents even though the agents decommit insincerely. 

Case 3, Contractee will sorely not decommit If b is so high that 
b * (p>a,b) > 1 10, the contractee will surely not decommit. The contractor will 
decommit whenever -5 - a > -pes a < p-a 9 i.e. the decommitting threshold 
10 a* = p-a. The contractor's IR constraint becomes 

f* W> g(b)[ f~ /(a)[-a-a>ffi+ \°° f(5)[~pW]db > E[-a] (6) 

o r° 0f ,0 °/(a)[-/7]ia^-50 

JO J p-o 

Ifa> p 9 this is equivalent to -p > -50 which is false. If0<a< /?,thisis 
15 equivalent to 

— [ f~ [-a-a]da+ [™ [-p]d5]>-50 
100 Jo 

<=> a < approximately 30.14 or a > approximately 74.86 

by the quadratic equation solution formula. The latter violates a< p. 
20 Similarly, the contractee's IR constraint becomes 

f* W) <K&)[f~ f(a)[b+a}da+ f~ /(a)[p]dS]d& > £[6] (7) 

^ r"°_Lp+ fl ] f" /(3)<0 + [/>] J"* f(a)da]S>55 
Jo HO Jo 

0 -L[[H°1 + 1 10a] f~ /(a)d5 + 110/> f 00 /(c>fi]> 55 
110 2 Jo J ^ 
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«► [55 + a] f f(a)dS+P | f{a)da> 55 

Jo J 

Ifa> /?, this is equivalent to p > 55 which is false. If0<a< p, this is 
equivalent to 

[55 + a](p-a)^ + p[100-(p-a)]^>55 

5 o 25^a<47i 

Thus the open region 2;5 < a < 30.14, ft* > 110 (Fig. 2 middle) is where this 
type of contracts are IR for both agents even though the agents decommit insincerely. 

In addition to enabling deals that are impossible via full commitment 
contracts, leveled commitment contracts can increase the efficiency of deals which are 
10 possible via full commitment contracts (the reverse cannot occur because the former 
can emulate the latter) if there is enough ex ante variance in the outside offers: 

Theorem 2.2 Pareto improvement If a SEQD game has at least one IR Jul I 
commitment contract F and 

1. b is bounded from above, f is bounded, and } f{a)da > 0, or 

15 2. a is bounded from below, g is bounded, and g(b)db > 0, 

then that game has a leveled commitment contract that increases both agents ' 
expected payoffs over any full commitment contract. Therefore, the leveled 
commitment contract is Pareto superior and IR. 

Proof. We prove this under condition 1 . The proof under 2 is analogous. With F, the 
20 contractor's payoff is -pF 9 and the contractee's pF . We construct a leveled 
commitment contract where the contractee will surely not decommit because its 
penalty is chosen high and b is bounded from above. Choose p —pF and a - 

P F -E[b]+ E. The contractor decommits if -a -a >-/><=> a <p-a = E[b]~ e- 
This has nonzero probability because bounded/and f 0£ ] f(5)da >0imply 3 G >0 
25 s.t ^ ] ~*f(a)da > 0. The contractee's expected payoff increased: it is pF if the 
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contractor does not decommit, and £[6] + a = pF + € > pF if the contractor does. 
The contractor's expected payoff also increased: 

' J -00 *p-o 

<=>0< J" f(a){-a-a + pF¥a 
5 which is implied by f * l * h€ / (5)da > 0 (Because /is bounded, all of this 

J -co 

probability mass cannot be on a single point a = p-a(= E[b}- e)) . 
3 Simultaneous decommitting 

In our simultaneous decommitting games, both agents have to declare 
decommitment simultaneously. There are two alternative leveled commitment 
10 protocols that differ on what happens if both agents decommit, Fig. 3. In the first, 
both agents have to pay the decommitment penalties to each other. In the second, 
neither agent has to pay. The next two sections analyze them. 

3.1 Both pay if both decommit 

Simultaneous decommitting games where both agents have to pay the 
15 penalties if both decommit will be called SIMUDBP games, Fig. 3. Let Ph be the 

probability that the contractee decommits, which depends on f(5), gip\ P> a* 
b. The contractor decommits if 

p h • (-a+6-a) + (l-p A )(-a-fl)> p h . (-a+6) + (l-A)(-/>) 

If p k = 1, this equates to a < 0, but we already ruled out contracts where an 

20 agent gets paid for decommitting. On the other hand, the above inequality is 
equivalent to 

a < p — defa* (p 9 a,b,b*) when p b < 1 (8) 

If the contractor's outside offer is below the threshold (a < 2*), the contractor 
is best off by decommitting. 
25 The contractee decommits if 
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If P . f(S)dd = 0, this equates to b < 0, but we ruled out contracts 
where an agent gets paid for decommitting. However, the above inequality equates to 

b>P + r = 6*(A*>M*)when P _ f(S)da>0 (9) 

gf(a)da J-w.*') 

5 If the contractee's outside offer exceeds the threshold b > £*), the contractee 

is best off by decommitting. The probability that the contractee will decommit is 

p b = f°° g(b)db (10) 

Condition 8 states the contractor's best response (defined by 2*) to the 
contractee's strategy that is defined by 6*. Condition 9 states the contractee' s best 
10 response b * to the contractor's strategy that is defined by a * . Condition 8 uses the 
variable p b which is defined by Equation 10. So together, Equations 8, 9, and 10 

define the Nash equilibria of the decommitting game. 
Now the contractor's IR constraint becomes 

P g(P)\ r^"*^ fW[-s+b-a]dd+ C . f(3)[^+bfflb 

J*«g>am*) j -«> J*ov»*r 

15 + 

The first row corresponds to the contractee decommitting, while the second 
corresponds to the contractee not decommitting. The second integral in each row 
corresponds to the contractor decommitting, while the third integral corresponds to the 
20 contractor not decommitting. Similarly, the contractee's IR constraint becomes 

r oo f <» 

?(b)[ f(5)[b-b + a]da+ f(3)[b -b]da]db 

+ I <K*)l f /(o)[6+a>e+ f(a)[p}dS]db>E[b] 

J -00 Janp>r>>») 

If 5 is bounded from below, the contractor's decommitment penalty a can be 
chosen so high that the contractor's decommitment threshold a * (p,a 9 b y b*) becomes 
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lower than any a . In that case the contractor will surely not decommit Similarly, if 
b is bounded from above, the contractee's decommitment penalty b can be chosen so 
high that the contractee's decommitment threshold b * (p 9 a 9 b>5*) is greater than any 
b. In that case the contractee will surely not decommit Thus, full commitment 
5 contracts are a subset of leveled commitment ones. Therefore, the former can be no 
better in the sense of Pareto efficiency or social welfare than the latter. 

In addition to leveled commitment contracts never being worse than full 
commitment ones, the following theorem shows that in SIMUDBP games they can 
enable a deal that is impossible via full commitment contracts. 
10 Theorem 3.1 Enabling in a SIMUDBP game. 

There are SIMUDBP games (defined by f (3) and g{b)) where no fall 
commitment contract satisfies the IR constraints but a leveled commitment contract 
does. 



Proof. Let f{a) = 



J_ if 0*5*100 f ~ 
100 +u andy(6) = 

0 otherwise 



_ if 0<6*110 
otherwise. 



1 5 No full commitment contract F satisfies both IR constraints because that would 

require E[b] < pF * E[a] which is impossible because 55 = E[b] > E[a] = 50. We 
build a leveled commitment contract with p = 52.5 as an example. Four cases result: 
Case 1. Either agent might decommit If 0 < a * < 100, and 0 < b * <1 10, 
there is a nonzero probability for each agent to decommit The unique Nash 

20 equilibrium is plotted out for different values of a and b in Figure 4. The equilibrium 
decommitment thresholds a* and b* differ from the truthful ones. Yet there exist 

equilibria in the proper range of a * and b * . 

It is not guaranteed that all of these Nash equilibria satisfy the agents' IR 
constraints however. We programmed a model of Equations 8, 9, and 10 and the IR 
25 constraints. To make the algebra tractable (constant f(a) and g(b)) , versions of 
these equations were used that assumed 0<5*<100, and 0 < 6* < 110, without loss 
of generality. Therefore the first task was to check the boundaries of the validity of 
the model. The boundaries a* = 0 and 6* = 110 are plotted in Figure 5. The 
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boundary a* = 100 turns out to be the line 6 = 0. There exists no boundary b* = 0 



because b * was always positive. 



10 



15 



20 



Each agent's IR constraint induces three curves (Fig. 5), two of which actually 
bound the IR region. The third is also a root, but at both sides of that curve, the IR 
constraint is satisfied. The dark gray area of Figure 5 represents the values of the 
decommitment penalties a and b for which the validity constraints of the programmed 
model and the IR constraints are satisfied. In other words, for any such a and 6, there 
exists decommitment thresholds a * and b * such that these form a Nash equilibrium, 
and there is a nonzero probability for either agent to decommit, and each agent has 
higher expected payoff with the contract than without it 

Case 2, Contractor will surely not decommit If 3* £ 0 , the contractor will 

surely not decommit Now b * (p 9 a y = p+ ~ = p + 6, Le. the 



contractee decommits truthfully. The contractor's IR constraint becomes the same as 
in case 2 of the example SEQB game (Eq. 4). This constraint was proven equivalent 
to 2.5 < b < 52.5. The contractee's IR constraint also equates to that in the SEQD 
game(Eq. 5). It was proven equivalent to b < approximately 34.05. Thus these 
contracts are IR for both agents and in equilibrium in the open region 2.5 < b < 34.05, 
a* <0,Fig. 5. 

Case 3, Contractee will surely not decommit If b * > 1 10, the contractee 
will surely not decommit (p k = 0). Now a * (/>,a,6,6*) = p- — = P " a > i e - * c 

contractor decommits truthfully. The contractor's IR constraint becomes the same as 
in case 3 of die example SEQD gqme (Eq. 6). This constraint was proven equivalent 
to a < approximately 30.14. The contractee's IR constraint equates to Eq. 7 of the 
SEQD game. It was proven equivalent to 2.5 < a < 47.5. Thus the open region 2.5 < 
a < 30.14, b * > 110 is where these contracts are IR for both agents, and in 
equilibrium, Fig. 5. 

Case 4, Trivial case. A contract where at least one agent will surely 
decommit, Le. a* > 100 or b * < 0 can be IR— barely because it does not increase 
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either agent's payoff. For it to be IR for the decommitting agent, the decommitment 
penalty has to be zero: the decommitting agent gets the same payoff as without the 
contract Similarly, the other agent gets the same payoff as it would get without the 
contract This contract is equivalent to no contract at all: decommitment occurs and 
5 no payment is transferred. 

In addition to enabling deals that are impossible using full commitment, 
leveled commitment contracts can increase the efficiency of a deal even if a full 
commitment contract were possible (the reverse cannot occur): 

Theorem 3J2 Pareto efficiency improvement Theorem 2.2 applies to 
10 SIMUDBP games. 

Proof When one agent is known not to decommit, SIMUDBP games are equivalent 
to SEQD games. 

3*2 Neither pays if both decommit 

Simultaneous decommitting games where a protocol is used where neither 
1 5 agent has to pay a decommitting penalty if both agents decommit (SIMUDNP games, 
Fig. 3) can be analyzed in the same way as SIMUDBP games, but the decommitting 
thresholds differ. 

If a is bounded from below, and b from above, a can be chosen so high that 
the contractor will surely not decommit, and b so high that the contractee will not So, 
20 full commitment contracts are a subset of leveled commitment ones. Thus the former 
cannot enable a deal whenever the latter cannot Also, leveled commitment can 
enable a deal that is impossible via full commitment: 

Theorem 33 Enabling in a SIMUDNP game. There exist SIMUDNP games 
(defined by f (a) and g(b)) where no full commitment contract satisfies the IR 
25 constraints but a leveled commitment contract does. 

The proof is like that of Theorem 3.1 except that the formulas for 

decommitting differ. With the same f(a) g(b) y and p as in the proof of Theorem 
3.1, the Nash equilibria of the SIMUDNP game are as shown in Figure 6. The 
decommitment thresholds a * and b * differ from the truthful ones. They are closer 
30 to the truthful ones than what they were with a protocol where both agents pay if both 
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decommit, Figure 4. The shapes of the curves using these two protocols also differ 
significantly. 

We programmed a model to check which of the SIMUDNP equilibria allow 
contracts that are IR for both agents. The results are quantitatively different, but 
5 qualitatively same as in SIMUDBP games (Fig. 5). 

Leveled commitment contracts can also increase the efficiency of a deal even 
if a full commitment contract were possible (the reverse cannot occur): 

Theorem 3.4 Pareto efficiency improvement Theorem 2.2 applies to 
SIMUDNP games. 

10 Proof. When one agent is known not to decommit, SIMUDNP games are equivalent 
to SEQD games. 

4 Prescriptions for system builders 

The results from the above canonical games suggest that it is worthwhile from 
a contract enabling and a contract Pareto improving perspective to incorporate the 

15 decommitment mechanism into automated contracting protocols. The decommitment 
penalties are best chosen by the agents dynamically at contract time as opposed to 
statically in the protocol. This allows the tuning of the penalties not only to specific 
negotiation situations and environmental uncertainties, but also to specific belief 
structures of the agents. An extended paper analyzes the impact of agents* biased 

20 beliefs on the benefits of contracts, and the distribution of these gains. 

In the presented instance of the simultaneous decommitting game, the Nash 
equilibrium decommitting strategies were usually closer to truthful ones when a 
protocol was used where neither pays if both decommit than when a protocol was 
used where both pay if both decommit Also, as an agent's opponent's decommitment 

25 penalty approaches zero, the agent becomes truthful in the former protocol, but starts 
to increasingly bias its decommitment decisions in the latter. This suggests using the 
former protocol in practical systems. It also minimizes the number of payment 
transfers because it does not require any such transfer if both decommit 

In a web of multiple mutual contracts among several agents, classical full 

30 commitment contracts induce one negotiation focus consisting of the obligations of 
the contracts. Under the protocol proposed in this paper, there are multiple such foci, 
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and any agent involved in a contract can swap from one such focus to another by 
decommitting from a contract Such a swap may make it beneficial for another agent 
to decommit from another contract, and so on. To avoid loops of decommitting and 
recommitting in practice, recommitting can be disabled. This can be implemented by 

5 a protocol that specifies that if a contract offer is accepted and later either agent 

decommits, the original offer becomes void — as opposed to staying valid according to 
its original deadline which may not have been reached at decommitment time. 

Even if two agents cannot explicitly recommit to a contract, it is hard to 
specify and monitor in a protocol that they will not make another contract with an 

10 identical content This gives rise to the possibility of the equivalent of useless 
decommit-recommit loops. Such loops can be avoided by a mechanism where the 
decommitment penalties increase with real-time or with the number of domain events 
or negotiation events. This allows a low commitment negotiation focus to be moved 
in the joint search space while still making the contracts meaningful by some level of 

15 commitment The increasing level of commitment causes the agents to not backtrack 
deeply in the negotiations, which can also save computation. 

The initially low commitment to contracts can also be used as a mechanism to 
facilitate linking of deals. Often, there is no contract over a single item that is 
beneficial, but a combination of contracts among two agents would be. Even if 

20 explicit clustering of issues into contracts is not used, an agent can agree to an 

unbeneficial contract in anticipation of synergic future contracts from the other agent 
that will make the first contract beneficial. If no such contracts appear, the agent can 
decommit Similarly, low commitment contracts can be used to facilitate deals among 
more than two agents. Even without explicit multiagent contract protocols, 

25 multiagent contracts can be implemented by one agent agreeing to an unbeneficial 
contract in anticipation of synergic future contracts from third parties that will make 
the first contract beneficial. If no such contracts appear, the agent can decommit 

In many practical automated contracting settings limited computation 
resources bound the agents' capability to solve combinatorial problems. The value of 

30 a contract may only be probabilistically known to an agent at contract time. The 
leveled commitment contracting protocol allows the agent to continue deliberation 
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regarding the value of the contract after the contract is made. If the value turns out to 
be lower than expected, the agent can decommit. However, decommitment penalties 
which increase quickly in time may be appropriate with computationally limited 
agents so that the agents do not need to consider the combinatorial number of possible 
5 future worlds where alternative combinations of decommitments have occurred. 
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Certain embodiments of the present invention are described in detail above. It 
will be understood by those skilled in the art that the present invention is defined 
solely by the claims, and that other embodiments and many modifications to the 
above described embodiments are within the scope of the invention, as defined by the 
5 claims. 
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1 CLAIMS 

2 What is claimed is: 

3 LA method for entering into an efficient, automated contract, comprising 

4 the steps of: 

5 a first agent committing to a first obligation; 

6 a second agent committing to a second obligation in exchange for the 

7 first obligation; and 

8 determining, ex ante, a decommitment penalty applicable to at least 

9 one of said obligations. 
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